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ABSTRACT
There is a growing awareness among city leaders and policy-makers of the impact of the
urban environment on health outcomes and inequalities. Increasingly, practitioners in built
environment city departments, such as housing, planning, transport and regeneration, seek
new tools and guidance to understand how their respective policies and decisions can
support the creation of healthier cities. This paper presents the development of a global
index to help city leaders and practitioners understand their role in delivering health out-
comes through urban environment policies and programmes. The Building Research
Establishment’s international Healthy Cities Index (BRE HCI) contains 10 environment cate-
gories and 58 indicators, supported by a causal pathways framework. This was achieved
through an iterative process including: stakeholder engagement, evaluating research evi-
dence, selecting indicators and identifying data sources. We tested the index and causal
pathways approach on two case study cities: Dubai and London. We found that they
contributed to: raising awareness of the links between the environment and health; identify-
ing shared responsibilities and the need to work across departmental silos; and uncovering
the competing demands faced by some departments (and private sector stakeholders) as
they seek to deliver health promoting environments alongside other objectives.
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Introduction
A growing number of built environment policy-makers
and professionals have recognised the important inﬂu-
ence of the urban environment on health, and have
sought to integrate health as an objective into their
work (Allender et al. 2009, Sallis, Bull, et al. 2016). For
instance, the far-reaching consequences of how we plan
and design urban environments led New York planners
to conclude that urban planning policies and pro-
grammes could ‘shape 80% of any community’s health’
through their inﬂuence on socioeconomic and environ-
mental factors (Regional Plan Association 2016, p. 11).
Urban planners, architects and other built environment
professionals face a number of challenges when seeking
to address health objectives through urban policy and
development, as recently described in this journal by
Grant et al. (2017). Deprived communities within cities
are disproportionately exposed to unhealthy environ-
ments, such as poor housing and pollution, and they
suﬀer a greater burden of disease as a result (World
Health Organization and United Nations Human
Settlements Programme 2010). The World Health
Organization (WHO) and others have suggested that
indicators are one tool which can inform urban policy-
makers about the environment’s impact on health,
including health inequalities (Corburn and Cohen
2012, Prasad et al. 2014, 2016, Lowe et al. 2015,
Rothenberg et al. 2015). When indicators are compiled
and shared internationally, usually through an index,
they provide a picture of how cities perform against
one another which can raise awareness of urban issues,
shape debates and dialogue, and help cities identify stra-
tegic priorities (Clark et al. 2015, Klopp and Petretta
2017). Yet, up to now, urban health indicator tools
have rarely compared cities internationally. This paper
describes the process and results of developing the
Building Research Establishment’s international
Healthy Cities Index (BRE HCI) and presents initial
feedback on the Index and an associated ‘BRE Causal
Pathways Framework’ from city oﬃcials in Dubai and
London.
In this paper we use the term ‘urban health indicators’
(UHIs) to refer to ‘summarymeasures about the physical
urban environment’s contribution to human health and
wellbeing’ (Pineo et al. 2017a, p. 2), although UHIs may
also measure wider factors in other circumstances.
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Indicators with this purpose may also relate to
environmental health, liveability, quality of life or urban
health equity, with the last of these speciﬁcally focused on
intra-city diﬀerentials (for relevant deﬁnitions of
‘liveability’ and ‘quality of life’ see Badland et al. (2014)
and Fahy and Ó Cinnéide (2006) respectively). One of
the earliest examples of urban health indicators was the
WHO Healthy Cities Indicators, created to inform city
proﬁles for participating WHO Healthy Cities in the
early 1990s (Doyle et al. 1996). There are now many
other examples including international tools such as the
WHO Urban Health Equity Assessment and Response
Tool (Urban HEART), state-wide projects like
Community Indicators Victoria and city-scale systems
like the San Francisco Indicators Project (Bhatia 2014,
Lowe et al. 2015, Prasad et al. 2015). A recent systematic
review found 145 urban health indicator tools (compila-
tions of UHIs), comprising 8006 indicators, from 28
diﬀerent countries (Pineo et al. 2017b, 2017c). This
review found that UHI tools are increasingly measuring
data at the neighbourhood and lower scale and
presenting this information via digital interactive maps
(ibid). These advances may be particularly helpful to
urban policy- and decision-makers who seek to
understand variations within cities.
There are many potential uses of UHIs by city
oﬃcials, politicians and community members.
Indicators can be used to gather evidence about the
nature of a place and its impact on health which can
then inform the development, monitoring and adjust-
ment of urban policies (Corburn and Cohen 2012).
Other uses of UHI tools include: comparing perfor-
mance against peers (locally, nationally and interna-
tionally); supporting funding bids and/or decisions;
and involving the community in agreeing policy prio-
rities (Pineo et al. 2017b). Although there are many
proposed beneﬁts of indicators, there is a lack of
research on the actual use of indicators in urban
planning policy and decision-making; with most of
the indicator literature focused on their development
and validation (Wong 2006, Pineo et al. 2017b).
There are also a number of potential challenges or
pitfalls associated with the use of indicators, particu-
larly those which compare cities through an index.
For example, inter-city indices may: hide intra-city
inequalities; compare cities with very diﬀerent con-
texts and challenges (health, environmental, political,
etc.) leading to inappropriate rankings and responses
by local policy-makers; lead high performers to
become complacent; or discourage low performers.
There are ongoing tensions in the academic litera-
ture about the mechanisms by which indicators and
indices inform urban policy which relate to their
development, interpretation and application. The
process of involving stakeholders in negotiating and
agreeing local indicators is seen as one way to encou-
rage community dialogue and participation in urban
governance, with some arguing that this is the ulti-
mate beneﬁt of indicators (Innes and Booher 2000,
Rydin et al. 2003). To that end, Rydin and colleagues
(2003) argued that indicators are ‘socially con-
structed’ and not ‘technical policy tools’ (p.583).
Others provide the counterargument, that it is exactly
their rational and positivist status which has ‘elevated
indicators to a darling position in the policy world’
(Wong 2006, p. 3). This tension between the charac-
terisation of indicators as ‘social constructs’ or
‘rational tools’ gets to the heart of the varying views
on the nature of scientiﬁc evidence and its role in
policy-making more generally (see Ingold and
Monaghan 2016). Perhaps one of the greatest chal-
lenges for indicators is that they occupy a vague
position between scientiﬁc robustness and political
motivation. Klopp and Petretta (2017) highlight the
wide range of ‘competing’ indicator frameworks
which ‘serve diﬀerent purposes and agendas’, lack
consensus on methodology, and ‘are embedded in
politics’ (p.95). Even the most rigorous approaches
to indicator development are likely to suﬀer from
challenges of data availability and quality, creating
potential problems for interpretation and application
(ibid).
Notwithstanding these ongoing debates on how
indicator systems inﬂuence policy, previous research
provides multiple examples where urban health indi-
cators have informed built environment policy and
decision-making, with varying degrees of stakeholder
involvement (Farhang et al. 2008, Corburn and
Cohen 2012, Lowe et al. 2015). Furthermore, new
urban health indicators continue to be published
with the suggestion that they can promote better
city planning for health and wellbeing objectives
(for example Giles-Corti et al. 2016). Any proposals
for new indicators should weigh up the beneﬁts of
developing new metrics against the cost of duplicat-
ing existing research eﬀorts, whilst considering the
importance of local applicability and governance
(Pineo et al. 2017b). In this paper we reﬂect on the
development, interpretation and purpose of the BRE
Healthy Cities Index within the context of this wider
debate on the role of indicator frameworks in urban
governance.
This paper explains the motivation, methods, and
results of the development of the BRE Healthy Cities
Index.1 We also provide context from the wider indi-
cator literature that informed our approach and discuss
feedback that we received during the development and
initial piloting of the Index. Recognising the challenges
associated with producing an index and describing the
limitations and compromises inherent in such eﬀorts, in
the Discussion section we reﬂect on the impact of these
methodological factors on interpretation and local
application. We contend that there is a role for an
international index to raise awareness and inform city
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leaders and practitioners about the urban environment
impact on health and wellbeing.
Background to the BRE Healthy Cities Index
In recognition of the growth of global urban popula-
tions and associated challenges for city leaders and
policy-makers, the BRE Trust2 funded a thematic
Future Cities research programme from 2012-2015.
One of the projects funded within the programme
was the background research and development of the
BRE Healthy Cities Index (HCI).
The principle motivation for the BRE HCI
stemmed from the understanding that improving
urban health cannot be achieved by the health sector
alone and built environment professionals have an
important role to play (Kickbusch and Gleicher
2013, Grant et al. 2017). There is clear evidence that
where we live can both positively and negatively
impact our health and wellbeing. The potential
impacts are magniﬁed in cities, where high density
living can create walkable and sociable communities
but it can also result in overcrowding and exposure to
pollution (World Health Organization 2016). The
cost of unhealthy urban environments is paid by
health and social services, insurance companies, and
society as a whole (Pineo 2016). Conversely, healthy
cities stand to make signiﬁcant savings across ser-
vices, boost local productivity and contribute to
wider sustainable development objectives (ibid).
The purpose of the BRE HCI is to provoke
thought and conversation across diﬀerent city
departments which eventually leads to action
through policy and decision-making. The Index
aims to achieve this by providing a simple picture
of how global cities are performing relative to one
another in terms of the urban environment’s
impact on health and wellbeing. Through the
Index and associated materials, we also aim to
communicate the interconnectedness of urban
environment features and related health impacts
(such as the interplay between transport, buildings,
and air quality on respiratory diseases) which inter-
act and change over time, constituting a complex
system. A key aim is to translate this complexity
into simple actionable messages, as far as possible,
for city leaders and built environment profes-
sionals. We do not intend this international Index
to be a decision-support tool for local policy-mak-
ing on its own; rather we hope it will raise aware-
ness amongst key city oﬃcials and politicians to
initiate more detailed local data gathering and pol-
icy development.
Methods
This section details the process undertaken to develop
the BRE HCI, describing the methods to select indica-
tors and combine them to produce comparable category
scores. Figure 1 summarises the Index development
process from early scoping in 2012 through to piloting
the approach in 2017. In reality, this process was more
iterative and non-linear than this diagram relays. The
boxes in Figure 1 are numbered to create a visual road
map which is cross-referenced throughout the Methods
section to help orientate the reader.
Figure 1. Summary of the development of the BRE Healthy Cities Index 2012 – 2018 (note numbers in brackets are referred to in
the main text to orient the reader).
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Scoping review
At the outset of the research project we undertook a
broad scoping review of publications from interna-
tional health organisations, research institutions and
industry bodies (Figure 1, box 1) which covered:
● global health trends and links to the urban
environment
● the nature and impact of health inequalities
within cities
● the context of global indices (examples and
purpose)
● good practice for developing and using urban
health indicators and indices.
Publications were sourced online and through biblio-
graphic databases (e.g. Web of Science and PubMed)
and key topics were summarised in an internal BRE
report. This broad review informed the selection of
10 key guiding principles for the index development
(Figure 1, box 3) and the scope of the issues to
measure within the index (Figure 1, box 4). This
early scoping work was also informed by discussions
with stakeholders in built environment and public
health organisations (Figure 1, box 2). A second
more detailed literature review (Figure 1, box 5) of
speciﬁc urban environment exposures and associated
health outcomes was undertaken to underpin the
selection of speciﬁc indicators (see below).
Developing indicators which are conceptually
sound, measurable by existing data and meaningful
for policy-makers is a complex task. We found that
good practice for indicator development requires that
indicators are (Briggs 1999, Innes and Booher 2000,
Balsas 2004, Greenwood 2008, Pencheon 2008, Lowe
et al. 2015):
● succinct
● evidence-based
● developed in collaboration with end users
● related to economic measures of policy impacts
● credible and compelling
● produced independently from the organisations
which they measure
● directly related to policy goals
● presented simply and visually
● measurable and quantiﬁable
● accompanied with detail about their validity.
There are many challenges in achieving these goals,
particularly for an international index. Lawrence
(2008) stated that indicators need ‘to meet two con-
ﬂicting objectives: a comprehensive account of all the
relevant issues, and the communication of informa-
tion in a concise way to diﬀerent users’ (p.320). While
Briggs (1999) noted that many of the criteria of good
indicators are ‘to some extent mutually incompatible:
that is one reason why indicators are diﬃcult to
design’ (p.3). These challenges became particularly
clear when searching for available data to measure
the indicators supported by our evidence base (dis-
cussed below).
To manage these challenges we developed 10 key
guiding principles (Table 1). These were selected
from topics which were repeatedly raised as impor-
tant across the indicator development and urban
health literature and stakeholder engagement
[Figure 1, box 2]. For example, BRE staﬀ presented
at the 2014 WHO International Healthy Cities
Conference and gathered feedback from delegates.
Delegates emphasised the need for evidence-based
indicators and making use of existing data collec-
tion systems (both topics are widely discussed in
the urban health indicator literature). The 10 key
guiding principles recognise that there are inherent
diﬃculties, and even contradictions, in developing
validated indicators which meet the needs of multi-
ple users. We followed these principles as closely as
possible when developing the BRE HCI and we
view them as a framework which we can return to
as the Index may need to change over time. For
Table 1. Ten key principles to guide development of the BRE Healthy Cities Index.
Principle Description
1. Clear conceptual framework Developed from an evidence-based framework of how the urban environment impacts health and wellbeing.
2. Global and local The global index raises awareness while the indicators can be used locally to develop an integrated approach
across city stakeholders.
3. Evidence-based Each indicator has a clear link to peer-reviewed scientiﬁc evidence about the health and wellbeing impact of the
urban environment.
4. Focus on avoiding inequalities Social, spatial and health inequalities are recognised in the index framework and indicators – creating a route for
local discussion and action.
5. Aligned with existing data/
indicator systems
The index uses open data5 from existing sources and replicates indicators which have been eﬀective for policy
and decision-makers.
6. Peer reviewed The methodology and evidence base have been reviewed and informed by independent experts.
7. Informed by users The index and indicators are piloted with built environment and city professionals in their development.
8. Promotes a systems approach The index framework and methodology takes into account the complexity of urban health factors and promotes
a systems approach to evaluating a city’s performance.
9. Spatial The indicators allow for data to be mapped spatially to inform urban planning policy and decision-making.
10. Focused on built environment The indicators are about the urban environment impact on health and wellbeing and provide information about
factors which are highly inﬂuenced by built environment professionals (including urban planning, transport,
housing, regeneration, parks, etc.).
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example we may need to modify indicators if data
sources are no longer produced. BRE also commis-
sioned external peer review (by the co-authors of
this paper) of the draft Index, methodology and
evidence base to assess and improve the overall
approach (Figure 1, box 12).
Identifying categories
The process for identifying appropriate urban health
indicators began with selecting broad topic areas
which became our Index categories (also called
domains in other indices). The selection of categories
(Figure 1, box 4) was informed by our scoping review
and existing reviews of urban health indicators which
outline commonly measured topics (Badland et al.
2014, Rothenberg et al. 2015, Prasad et al. 2016).
Based on our guiding principles, the criteria for
selecting categories were:
● be highly inﬂuenced by built environment pro-
fessionals (thus we excluded quality of education
or health care services, for example)
● have a demonstrated link between the urban
environment and health/wellbeing
● be relevant globally
● include topics which are measureable with open
data3.
As a result of the last point, the ﬁnal categories
(Table 2) were developed iteratively to ensure that
we could ﬁnd data for indicators within each
category.
Selecting indicators
Once we had determined a broad set of categories
for the BRE HCI we performed a literature review
covering each of these topic areas, which was sum-
marised in an evidence base document (Figure 1,
box 5) and informed the selection of indicators.
This literature review identiﬁed speciﬁc urban
environment exposures and associated health
impacts (both positive and negative) in each cate-
gory. According to our principles, indicators needed
to have a strong conceptual basis (for the link
between exposures and outcomes) and be supported
by peer-reviewed scientiﬁc evidence about their
association with health and wellbeing outcomes.
There are a number of weaknesses with the existing
scientiﬁc evidence base about the urban environ-
ment and health which we needed to manage
when selecting indicators.
Although the evidence base linking the urban
environment to health outcomes has improved sig-
niﬁcantly in the last two decades, many uncertainties
remain (Galea and Vlahov 2005) which are seen as
holding back policy-makers (Sarkar et al. 2015, Grant
et al. 2017) and create challenges for selecting indi-
cators. There have been technological advances with
Geographic Information Systems (GIS) and indivi-
dual activity measures which have increased under-
standing of the health impacts of speciﬁc built
environment characteristics (e.g. Sallis, Cerin, et al.
2016). However, research methods and study designs
and sizes have not been suﬃcient to support strong
causal associations between many attributes in the
built environment and their health outcomes
(Sarkar et al. 2015). Furthermore, the range of factors
which interact within the urban environment to
impact health are recognised as forming a complex
system (Northridge et al. 2003, Galea and Vlahov
2005, Rydin et al. 2012) and epidemiological and
public health research methods are not well-equipped
to unpick this complexity (Rutter et al. 2017).
Notwithstanding weaknesses in the evidence base
and challenges due to the complexity of urban health,
researchers such as Grant et al. (2017) and Rydin
et al. (2012) have argued that built environment pol-
icy-makers and practitioners should not hold back on
planning and designing healthy cities using the best-
available evidence. We have taken a similar approach
to the selection of indicators.
In developing our evidence base to select indica-
tors, we used evidence from international systematic
reviews wherever possible rather than individual stu-
dies. This helped to manage the weaknesses in the
evidence described above. We searched a biblio-
graphic database, PubMed, and Google for existing
systematic reviews or expert evidence reviews. Search
terms related to each category, health and reviews
(e.g. food environment AND health AND review).
We also searched citations for additional sources of
reviews. The evidence base was summarised for each
category within the Index (Table 3 provides an exam-
ple) following a similar approach to that taken by
Briggs (1999) called ‘Indicator Proﬁles’ (p. 6). We
selected our ‘long list’ of 58 indicators (Figure 1,
box 9) on the basis of the following factors, which
we reported in our evidence base:
● evidence for association between exposure and
outcome
● examples of similar indicators from other indi-
cator frameworks
● potential for available data (as a pragmatic
approach despite its inherent shortcomings)
Table 2. Ten categories in the BRE Healthy Cities Index.
1. Air quality 6. Noise pollution
2. Food access 7. Resilience
3. Green infrastructure 8. Safety and security
4. Housing and Buildings 9. Transport
5. Leisure and recreation 10. Utilities and services
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● global applicability of the evidence and the indi-
cator (recognising that some indicators are more
relevant in particular countries than others).
We developed speciﬁc indicators using quantiﬁable
information from the evidence. Systematic reviews
often reported results in a way that was amenable to
creating an indicator, for example by reporting set
distances from high traﬃc roads at which health
eﬀects were detected in local residents. Examples of
other indicator frameworks that we reviewed include
the proposed monitoring indicators for the
Sustainable Development Goals (Leadership Council
of the Sustainable Development Solutions Network
2014) and related indicators, such as those proposed
by Dora et al. (2015).
Table 3 – Excerpt from the Housing & Buildings
category evidence base for the BRE Healthy Cities
Index (note H2 and HP3 are identiﬁers for indicators
within this category, described more explicitly in
Table 4)
Sourcing data to measure indicators
The evidence gathering process resulted in the iden-
tiﬁcation of a ‘long list’ of potential indicators for
which it was not yet clear whether data may be
available internationally (Figure 1, box 9). The next
step was to search through international open data
sources (e.g. the World Bank and UN Habitat’s
Global Urban Observatory). Such data sources are
limited with regard to the built environment and
Table 3. Excerpt from the Housing & Buildings category evidence base for the BRE Healthy Cities Index (note H2 and HP3 are
identiﬁers for indicators within this category, described more explicitly in Table 4).
Category: E.g. Housing & Buildings
Potential indicators E.g. H2: Number of new building stock certiﬁed with a sustainable building standard (e.g. BREEAM [Building
Research Establishment Environmental Assessment Method] and LEED [Leadership in Energy and Environmental
Design])
Potential policy indicators E.g. HP3: Policies in place to require new buildings and refurbishment projects to certify to sustainable building
standards
Summary of health impact E.g. There are three main pathways through which housing can aﬀect health: housing tenure, housing
neighbourhood and housing as the environment of exposure (Acevedo-Garcia et al. 2004).
. . .
Within housing as the environment of exposure there are multiple issues that aﬀect health:
● excess heat or cold and indoor pollutants or mould which can cause/exacerbate asthma, allergies or respiratory
diseases (Braubach et al. 2011);
● poisoning from lead piping, lead paint or carbon monoxide and other building materials (Gibson et al. 2011,
Allen et al. 2015);
● injuries from accidents (slips, trips and falls) or exposure to disease (from pests) related to design and
maintenance (Gibson et al. 2011, Allen et al. 2015);
● lack of smoke alarms, extinguishers and sprinklers increases the risk of injury from ﬁre (Gibson et al. 2011);
● design may impact psychosocial outcomes (Gibson et al. 2011) (e.g. in relation to daylight, noise and space);
● exposure to pollutants in adjacent land uses (Allen et al. 2015);
● opportunity for physical activity through building design (Allen et al. 2015).
Justiﬁcation for indicators E.g. H2 & HP3:
● ‘Green buildings inﬂuence human health at two critically important scales: directly at the individual level
through providing optimized indoor environments, and indirectly on a population level through reductions in
energy use. . .’ (Allen et al. 2015, p. 251). [REF 1].
● ‘For indoor environmental quality, green buildings had lower levels of VOCs, formaldehyde, allergens, ETS, NO2,
and PM’(Allen et al. 2015, p. 256). [REF 1]
Link to built environment Self-evident in this category.
Link to inequalities E.g. Deprived communities are more likely to be exposed to poor quality housing (Braubach et al. 2011). Informal
settlements are likely to have ‘almost no appropriate control over even the most basic regulations for building
form and quality’ (Rydin et al. 2012, p. 2092).
Link to other social, economic
or environmental impacts
E.g.
● BRE has estimated that ‘the full cost to the NHS of all homes with signiﬁcant HHSRS [Housing Health and Safety
Rating System] hazards in England might therefore be estimated at £2.0bn in ﬁrst year treatment costs’ (Nicol
et al. 2015, p. 8).
● ‘Buildings account for about 38% of total global primary energy use and 25% of energy-related CO2 emissions;
of which buildings in cities account for two-thirds’ (Rydin et al. 2012, p. 2091).
● ‘Investing in the energy eﬃciency of housing can help stimulate the labour market and economy, as well as
creating opportunities for skilling up the construction workforce’ (Marmot Review Team 2011, p. 9).
Impact for speciﬁc population
groups
E.g. The Marmot Review Team has highlighted the health and wellbeing impacts of cold housing on several
population groups including children, adolescents and older people (Marmot Review Team 2011).
References for indicators
Title Study type Applicability
E.g. 1 Allen, J.G., MacNaughton, P., Laurent, J.G.C., Flanigan, S.S., Eitland, E.
S., and Spengler, J.D., 2015. Green Buildings and Health. Current
Environmental Health Reports, 2 (3), 250–258.
Evidence
Review of
17 studies
Studies were primarily USA,
but may be more widely
applicable
Precedence (other urban health
indicator tools applying this
measure)
E.g. The OECD Better Life Index (Organisation for Economic Co-operation and Development 2016) measures:
● Percentage of dwellings without basic facilities
● Housing expenditure, %
● Rooms per person, Ratio
Data availability E.g. BRE data on certiﬁed sustainable buildings.
Notes N/A
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many only contain national metrics. Other limita-
tions include: lack of clarity on what is measured
(e.g. the deﬁnition of green space), data being out-
dated, and inconsistency on the spatial scale that is
measured (e.g. city regions or other administrative
designations), known as the Modiﬁable Areal Unit
Problem (Badland et al. 2014). The World Council
on City Data (WCCD) is a potential source for a
signiﬁcant number of indicators for several reasons:
data were collected following the process and indica-
tors outlined in BS ISO 37120:2014 (The British
Standards Institution 2014); the indicators follow
good practice principles and many match our evi-
dence base; and data are provided for a number of
Table 4. Categories (10) and indicators (58) in the BRE Healthy Cities Index (note an asterisk denotes indicators for which we
have identiﬁed data and the obelisk symbol denotes indicators also reported in BS ISO 37120).
Category Identiﬁer Indicator
Air quality A1 Concentration of PM2.5 µg/m3*†
A2 Concentration of NO2 µg/m3*†
A3 Concentration of PM10 µg/m3*†
A4 Percentage of population living within 500m of highway or major road
A5 % of urban land area covered by trees
Food access F1 Signee to Milan Urban Food Policy Pact*
F2 Accessibility: Average walking time to food stores selling fruits and vegetables
F3 Accessibility: the % of no vehicle households living beyond 0.9 mile radial distance of a
supermarket
F4 Availability (home): Number of food stores selling fruits and vegetables within 500m of
domestic properties.
F5 Availability (work): Number of food stores selling fruits and vegetables within 500m of retail
and commercial properties.
F6 % of residents who respond ‘a large selection of low-fat food is available in my
neighbourhood’.
Green infrastructure G1 Hectares of green area per 100,000 population*†
G2 Percentage change in number of native species*†
G3 % of dwellings <300m from green space (min. size 1 hectare)
Housing and buildings H1 number of homeless people per 100,000 population*†
H2 Number of new building stock certiﬁed with a sustainable building standard (e.g. BREEAM
and LEED)*
H3 Housing aﬀordability*
H4 Building Quality Control Index*
H5 % of households living in fuel poverty
H6 % of refurbished building stock certiﬁed with a sustainable building standard (e.g. BREEAM
and LEED)
Leisure and recreation L1 m2 of public indoor recreation space per capita*†
L2 m2 of public outdoor recreation space per capita*†
L3 Access to leisure and recreation facilities: Facilities within <600m per 100,000
L4 Pre-school playground equipment and physical structures
L5 Fitness centres per 100,000 population
L6 Sports facilities per 100,000 population
Noise pollution N1 % of population exposed to noise pollution measured at Lden >55dB*†
N2 % of residents exposed to noise levels higher than 35dB during the night
N3 % of residents exposed to noise levels higher than 45dB during the day
N4 % of residents who report noise annoyance
Resilience R1 Greenhouse gas emissions (tonnes per capita)*†
R2 Residential electricity use per capita (kWh/year/capita)*†
R3 Electricity consumption of public building per year (kWh/M2)*†
R4 Percentage of energy derived from renewables*†
R5 % of energy eﬃcient building stock
R6 Urban heat index
R7 % of land area with green space
R8 % of land area with reﬂexive surfaces
R9 % of buildings with green roofs
Safety and security S1 Crimes against property per 100,000 population*†
S2 % of residents who report presence of environmental cues of crime and vandalism
S3 % of residential neighbourhoods with adequate street lighting
Transport T1 % of commuters using a travel mode to work other than a personal vehicle*†
T2 Kilometres of bicycle paths and lanes per 100,000 population*†
T3 Kilometres of high capacity public transport system per 100,000 people*†
T4 Kilometres of light passenger public transport system per 100,000 people*†
T5 Population density (population per km2)*†
T6 % of roads with speed limits at 20mph or less
T7 % of residences within 200m of roads with ≥300 vehicles per hour
T8 % of roads with sidewalks
T9 Delay crossing roads: Average pedestrian delay
T10 Street connectivity: average number of three or more-way intersections per square kilometre
T11 Land use mix: average number of land use types per neighbourhood
Utilities and services U1 % of population with potable water supply service*†
U2 % of population with authorized electricity service*†
U3 % of population served by wastewater collection*†
U4 % of population living in slums*†
U5 % of population with regular solid waste collection*†
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international cities. The selection of indicators
became an iterative process because data were not
available for all of the desired indicators. Therefore,
the ﬁnal list of indicators in the BRE Healthy Cities
Index is a compromise between the evidence base and
data availability. We retained the ‘long list’ of 58
evidence-informed indicators for future use or to
apply with individual cities where more data may be
available. For the global index, we determined that a
shorter set of indicators would be suﬃcient to raise
awareness of urban health challenges (see Table 4).
Data availability also largely drove the selection of
cities to include in the BRE HCI. We wanted a range
of global cities with diﬀerent social and environmen-
tal characteristics to enable sharing and learning
across those cities. However, given the very diﬀerent
health challenges and stages of development across
these diverse cities it was neither feasible nor appro-
priate to place them in a ranking (see Discussion).
Development of the BRE Causal Pathways
Framework
We developed a visual communication tool, the BRE
Causal Pathways Framework (Figure 2), to explain
the relation between urban environment exposures
and health outcomes using the evidence base that
we compiled to select indicators. The format for this
Framework was informed by similar models repre-
senting environmental exposures and health out-
comes (Northridge et al. 2003, Rydin et al. 2012,
Badland et al. 2014). Causal relations within the
Framework are shown by a solid line, while associa-
tions are depicted using dotted lines. We determined
that a link was causal on the basis of the ﬁndings in
the original source of evidence (usually a systematic
review). Similarly to the underpinning evidence base
for the BRE HCI, this Framework will require peri-
odic updates to take account of emerging evidence.
The diagram shows that all of the exposures have a
link to health inequalities with deprived communities
being disproportionately exposed to poor urban
environments. The exposures are broadly organised
with strategic spatial planning issues at the top, mov-
ing down to progressively more detailed building
design issues at the bottom. We grouped the health
outcomes according to the classiﬁcations used by the
Global Burden of Diseases study, separating non-
communicable diseases from communicable diseases
and injuries (Wang et al. 2016). Figure 2 shows the
full version of the Framework. Given the complexity
of this diagram, we have also produced simpliﬁed
versions to use in discussions with city stakeholders
which show exposures for a single category and relate
these to the indicators in the BRE HCI. These sim-
pliﬁed diagrams make it easier to follow the links
between exposures and outcomes.
Combining indicators and categories
Transforming indicator measures so that they can be
combined and compared (called standardising, nor-
malising or scaling) can create a number of statistical
issues which may distort initial values, for example
resulting in some diﬀerences appearing greater than
they actually are in the original data (Rothenberg
et al. 2015). To create comparable category scores,
we have combined indicators within each category
using an approach to standardisation analogous to
that used by the United Nations Development
Figure 2. BRE Causal Pathways Framework (copyright BRE, reproduced with permission).
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Program’s Human Development Index and many
other indices (ibid). Further information on the com-
bination of indicator values is detailed in Appendix 1.
There is a signiﬁcant and growing literature on the
strengths and weaknesses of index (also known as
‘composite indicator’) weighting methods (Saisana
and Tarantola 2002, Saltelli et al. 2004, Lawrence
2008, Grant and Barton 2013, Rothenberg et al.
2015). It is considered good practice to make the
computing and weighting methodology transparent
(Saisana and Tarantola 2002, Nardo et al. 2008).
The identiﬁcation of urban health as a complex sys-
tem and the need to apply a systems approach to the
Index informed our early thinking for the BRE HCI
weighting system. We present here two weighting
options we considered and the rationale for these;
however, the ﬁnal decision was to reject weightings
and the generation of a composite indicator.
The two weighting system options that were devel-
oped and tested through peer review included a
Complexity Rating and a Robustness Rating. The
former sought to represent the complexity of the
urban health system through a rating composed of
seven characteristics of complex systems (see
Appendix 1). Lawrence (2008) emphasised the
importance of complexity and a systems approach
in relation to environmental health indicators:
‘The health status of populations in speciﬁc urban
areas is not only the result of many material and
non-physical constituents but also the interrelations
between them. . . .systemic approaches ought to be
applied to understand both the constituents and the
interrelations among all of them. It is recommended
that indicators be used not only to identify these
constituent parts but also to promote an understand-
ing of the interrelations between them’ (p.302).
Each category within the BRE HCI would have a
Complexity Rating which reﬂected how complex the
category (or sub-system) is in relation to its impact
on health and wellbeing. The rationale is that a more
complex sub-system will have more states and more
ways to exert inﬂuence on the whole system and/or
neighbouring sub-systems and should therefore be
weighted more heavily. Categories (or sub-systems)
which are rated highly in the Complexity Rating
would exhibit many characteristics of complex sys-
tems (see Appendix 1 for detailed methods). The
workshop participants (see Acknowledgements)
raised several limitations of this approach:
● there is insuﬃcient evidence from epidemiologi-
cal studies to rate each complexity characteristic;
however uncertainty does not mean lack of
importance
● there is a range of evidence within a sub-system
and a general lack of evidence about impacts in
low and middle income countries (LMICs)
● the boundaries for each sub-system are diﬃcult
to deﬁne and therefore rate
● the scoring process resulted in roughly equal
complexity weights for each category, potentially
highlighting limitations with the method
● local contextual factors are more appropriate
and would not be represented in this global
approach.
Fundamentally, the participants did not all agree that
a more complex sub-system (or category) should
necessarily be weighted more heavily in the Index.
Some participants thought that the built environment
could create health impacts in ways that were not
complex, but were still important. The Complexity
Rating method was deemed inappropriate as a
weighting system for the BRE HCI.
The proposed Robustness Rating approach
involved weighting categories on the basis of the
strength of evidence linking each category to health
impacts. However, this was limited by weaknesses in
the epidemiological evidence base for many environ-
mental health impacts (as previously discussed). A
lack of robust evidence for a causal link or association
does not mean that a particular topic is not impor-
tant; researchers may not have developed suﬃcient
methods to investigate suspected links. For example,
there is contradictory evidence about the association
between food access and obesity in high income
countries such as the USA and Canada (Gamba
et al. 2014, Cobb et al. 2015); yet researchers point
more to the methodological limitations of the studies
than the expectation that food access may be unim-
portant (Penney et al. 2015). There is also a much
more widely developed evidence base in high income
countries (HICs), compared to LMICs, potentially
obscuring the importance of particular environmen-
tal health issues in those countries (Prasad et al.
2016). As a result of the weaknesses of the overall
evidence base, it was not feasible to create a
Robustness Rating which accurately reﬂected the
importance of each category.
Given the limitations of the various approaches
evaluated, developed and tested, a ﬁnal decision was
taken to equally weight the categories should BRE
ever require a composite indicator. The advantages
of being able to compare cities with a single score
were considered during the process of research and
development, but this approach was subsequently
rejected for the BRE HCI for the abovementioned
reasons. Also, the academic peer reviewers strongly
opposed such comparison and ranking partly because
of the inappropriateness of comparing cities with
vastly diﬀerent health and environment contexts.
Yet, comparisons are still meaningful and helpful,
for example within one category across cities within
a similar context.
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Results
The ﬁrst iteration of the BRE HCI consists of a set
of 58 evidence-informed indicators in 10 cate-
gories (Table 4), with open data covering 28 of
these indicators across 20 global cities (not all
cities report data for all 28 indicators). The indi-
cators are not combined into a single composite
indicator (or ranked), although category scores are
calculated. We have presented results for one cate-
gory in the Index (Table 5). Individual indicators
may be subject to change in the ﬁrst or subsequent
versions published by BRE. Through the ‘long-list’
of evidence-informed indicators and our 10 guid-
ing principles we have built in a degree of ﬂex-
ibility allowing the Index to grow or change over
time. The BRE Causal Pathways Framework and
the BRE HCI website (under development) are
also key parts of the Index because they help
explain the link between environmental exposures
and health outcomes, with the website providing
case study examples of built environment policies
and design measures to improve urban health.
Table 4 – Categories (10) and indicators (58) in
the BRE Healthy Cities Index (note an asterisk
denotes indicators for which we have identiﬁed data
and the obelisk symbol denotes indicators also
reported in BS ISO 37120).
Category score: Housing & Buildings
Table 5 shows the results for the Housing & Buildings
category including standardised and un-standardised
data and the ﬁnal category scores where they could be
calculated (for each city, missing data from any of the
indicators mean that a category score is not
calculated)4. Cities are listed alphabetically.
Table 5 - BRE Healthy Cities Index Housing &
Buildings category indicator data (standardised and un-
standardised) andﬁnal category scores (note -/+ inbrack-
ets indicates whether the indicator is positively or nega-
tively correlated with health and wellbeing outcomes)
Application of the BRE HCI approach: case studies
The BRE HCI and associated materials were applied
in two cities to gather feedback. Dubai partly funded
the development of the Index and acted as our ﬁrst
city pilot. Southwark Council in London is develop-
ing monitoring indicators for planning policies
related to health and wellbeing and considered the
BRE HCI indicators as part of this process.
Stakeholder engagement in Dubai
Feedback from Dubai was gathered in a stakeholder
workshop on January 23, 2017 at Dubai Land
Table 5. BRE Healthy Cities Index Housing & Buildings category indicator data (standardised and un-standardised) and ﬁnal
category scores (note -/+ in brackets indicates whether the indicator is positively or negatively correlated with health and
wellbeing outcomes).
Un-standardised indicator data Standardised indicator data
Cities H1 H2 H3 H4 H1 H2 H3 H4 HCI Category Score
Amman, Jordan 5 1.13 11 0.15 31.58 40.00
Amsterdam, Netherlands 164.00 114 1.64 10 85.51 3.42 50.75 20.00 39.92
Barcelona, Spain 101.44 51 1.44 91.24 1.53 43.23
Bogota, Colombia 133.46 42 0.34 88.31 1.26 1.88
Boston, USA 1096.76 235 1.98 0.00 7.06 63.53
Buenos Aires, Argentina 30.73 12 0.29 11 97.72 0.36 0.00 40.00 34.52
Dubai, UAE 5.89 114 2.42 13 100.00 3.42 80.08 80.00 65.87
Guadalajara, Mexico 20.02 4 12 98.70 0.12 60.00
Haiphong, Vietnam 0 0.00
Johannesburg, South Africa 3 2.95 10 0.09 100.00 20.00
London, UK 139.92 3330 0.47 9 87.71 100.00 6.77 0.00 48.62
Los Angeles, USA 591.94 334 1.77 13 46.28 10.03 55.64 80.00 47.99
Makati, Philippines 58.21 5 95.20 0.15
Melbourne, Australia 156.88 0 1.73 86.16 0.00 54.14
Mecca, Saudi Arabia 12 0.36
San Diego, USA 260.65 281 2.15 76.65 8.44 69.92
Shanghai, China 282 0.40 9 8.47 4.14 0.00
Taipei, Taiwan 21.68 31 13 98.55 0.93 80.00
Toronto, Canada 187.00 58 1.78 14 83.40 1.74 56.02 100.00 60.29
Zagreb, Croatia 50.63 1 0.98 12 95.90 0.03 25.94 60.00 45.47
Min. 5.89 0 0.29 9
Max. 1096.76 3330 2.95 14
Diﬀerence 1090.87 3330 2.66 5
Indicator Key Data Source
H1: Number of homeless people per 100,000 population (-) World Council on City Data: WCCD Open City Data Portal
H2: Number of new building stock certiﬁed with a sustainable building standard (+) BRE
H3: Housing aﬀordability (+) Numbeo.com
H4: Building Quality Control Index (+) World Bank: Doing Business
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Department’s oﬃces. This workshop aimed to intro-
duce the BRE HCI and explore the context for colla-
boration across city departments to achieve a healthy
and sustainable city. There were nine participants from
across city government departments (including urban
planning, utilities, transport) and private sector partners
(such as local developers). We presented general urban
health challenges with an emphasis on local priorities
and links to the built environment (for example air
quality and heart disease), the BRE Causal Pathways
Framework, and BRE HCI indicators. Between presen-
tations we facilitated conversations about urban health
in Dubai and the role of the stakeholders present.
As facilitators, we noted a range of knowledge
amongst participants regarding the urban environ-
ment impact on health, with some stakeholders
having considerable experience in designing and
planning healthy urban environments in Dubai.
The BRE Causal Pathways Framework sparked dis-
cussion amongst participants, particularly regard-
ing which organisations (public and/or private)
were responsible for particular urban environment
exposures. Many of the represented departments
had some ‘ownership’ over multiple exposures,
however their respective inﬂuence was limited in
certain areas. Participants raised a number of other
challenges for urban health policy and delivery,
summarised as:
● striking a balance between development that is
viewed as ‘healthy’ and what the market is will-
ing to fund
● coordination across diﬀerent sectors, for exam-
ple traﬃc and public realm
● the long time lag between urban planning and
actual changes in the built environment (with
further delay before health impacts are measurable)
● acknowledgement of overlapping responsibilities
across departments and respective budgets (and
performance management metrics) not always
aligning to deliver health priorities
● the need for education and awareness raising
across professionals and with the community.
A number of strengths were discussed that may help
shift these challenges, such as:
● a move toward more sustainable construction
practices and use of renewable energy
● local developers look to international examples
of best practice in design
● social entrepreneurship is being encouraged,
such as local food markets and food growing
● the United Arab Emirates (UAE) publishes a
number of open data sets to help with gauging
priority areas and progress.
Most of the points above would result in positive
health impacts. For example sustainable construction
and eﬀorts to reduce climate change through renew-
able energy would have multiple health beneﬁts
(Allen et al. 2015, Watts et al. 2015). The publication
of open data in the UAE creates opportunities to
inform local data analysis within cities, supporting
the identiﬁcation of local priorities related to the
urban environment and health.
We sought feedback on the BRE HCI by asking the
participants: ‘what is the greatest contribution of the
BRE Healthy Cities Index?’ Participants responded
that the Index was a tool to:
● engage city leaders, such as mayors, whose lea-
dership is required to make progress on such
cross-cutting objectives
● promote innovation about the built environment
and health
● raise awareness about the speciﬁc links between
urban environments and health
● set priorities or inform strategies within cities
● demonstrate the diverse departments and orga-
nisations which are required to act.
Finally, participants commented on the beneﬁts of
the analytical and rational approach provided by the
Index. One participant said that policy-makers want
to see evidence backed up by numbers and facts, not
just general principles.
The challenges raised by stakeholders in Dubai for
integrating health into built environment policy and
practice are reﬂected in the academic and practitioner
literature and are representative of many cities glob-
ally. For example, quantifying the economic value of
healthy buildings and neighbourhoods has been
attempted by built environment organisations inter-
nationally (Lassar et al. 2014, World Green Building
Council 2016) and in some contexts uncertainty over
the costs and beneﬁts are seen as a key barrier to
introducing healthier design (Pineo 2016). The
reported challenge of overlapping responsibilities
across departments and the lack of alignment
between departmental responsibilities and health
priorities hints at the importance of applying a sys-
tems approach to urban health challenges. As identi-
ﬁed by Rydin et al. (2012), stakeholders need to
understand the complex interconnections between
diﬀerent parts of the urban health system and which
levers for change would be most eﬀective over time.
The strengths identiﬁed by local stakeholders show
that there is already action being taken to overcome
some of these challenges, driven by the private sector,
civil society and government. Initial feedback identi-
ﬁed that the BRE HCI could help local stakeholders:
understand the importance of their respective sectors
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for health; communicate the need for cross-sector
collaboration and buy-in from political representa-
tives; and set priorities in relation to policy and
development decisions.
Monitoring project in London
The application of the BRE HCI approach in
Southwark Council (a London borough with a popu-
lation of approximately 310,000 people) focused on
the use of speciﬁc indicators and the BRE Causal
Pathways Framework. In 2016, Southwark and
Lambeth Councils received funding from Guy’s and
St. Thomas’s Charity to investigate local issues and
opportunities related to health and place in two of
their largest regeneration areas. Part of this ongoing
project involves the identiﬁcation of planning policies
to promote health and wellbeing and associated mon-
itoring indicators focusing on the Old Kent Road
Opportunity Area and associated Area Action Plan
(AAP) (Pineo et al. 2018). One of the authors (HP)
undertook a part-time secondment to Southwark
Council to support this stage in the project. A work-
shop was held at the Council on June 20, 2017 to
discuss potential monitoring indicators, including
those from the BRE HCI.
The indicators workshop was attended by 14 oﬃ-
cers from across planning, public health, regenera-
tion, commissioning, and transport. Background
information was presented about urban health indi-
cators, including the BRE Causal Pathways
Framework. Participants were given a handout con-
taining policies from the Old Kent Road AAP and
associated potential indicators.
Participants spontaneously used the BRE Causal
Pathways Framework as a way to frame the discus-
sion. For example, one participant from the planning
department asked if we could have a conversation
working from the ‘Health Outcomes’ side of the
Framework working back to the ‘Urban
Environment Exposures’. This prompted the public
health representatives to discuss key health challenges
in the area, primarily non-communicable chronic
diseases. The discussion then centred around improv-
ing opportunities for physical activity and healthy
eating through transport, urban design and planning
policies. Following the wider group discussion, parti-
cipants worked in small groups to discuss the poten-
tial indicators and policy measures in more detail.
Reﬂecting on this workshop, we observe that the
group discussions resulted in participants balancing
diverse opinions and professional orientations to
negotiate what should be measured through indica-
tors and how this related to local circumstances.
Some groups identiﬁed tensions between health
objectives and other goals. Representatives from the
planning department had the opportunity to explain
the competing demands which are inherent in plan-
ning policy and decision-making in the UK context.
For example, aﬀordable housing is recognised as a
key planning priority which is agreed through nego-
tiations with developers on a case-by-case basis. The
provision of aﬀordable housing is balanced with other
health-relevant design measures or amenities such as
green space and children’s play areas. Planners must
work with developers to negotiate the best outcome
for local people within the economic limits of each
development. Weighing up the importance of these
individual decisions and their impact on health was a
key part of the discussion that related directly to the
choice of indicators and how the success of policies
should be measured over time.
Discussion
We have reported the methods, results and initial
feedback of the BRE Healthy Cities Index and related
materials. This project is the culmination of several
years of research at BRE, but the Index is new, and is
likely to evolve over time. To the best of our knowl-
edge it is the ﬁrst global index to focus on the impact
of urban physical environments on health and well-
being (there are international indices measuring
related concepts of quality of life and liveability).
There are many constraints when developing an
index with this purpose, given the range of health
and environment challenges between low, middle and
high income countries. We have attempted to balance
these tensions whilst still producing a rigorous index
which can inform city leaders and policy-makers.
Lessons for Index Development
During the process of creating and piloting the BRE
HCI we have observed a number of lessons for index
development, including: the challenge of addressing
complexity in urban health; the value of engaging
stakeholders; the contested nature of composite indi-
cators and weighting methods; the appropriateness of
international comparisons of urban health; and diﬃ-
culty accessing appropriate open data across global
cities.
Addressing complexity
We observed complexity as a deﬁning feature of urban
health discussed throughout the literature. The charac-
teristics of complex urban health systems (and their
sub-systems) aﬀect how they are studied by epidemiol-
ogists, how they can bemeasured by indicators and how
policy-makers can develop appropriate interventions.
McCarney andMcGahan (2015) also note the complex-
ity of urban governance for health systems, brought on
by the evolution of cities and our changing interpreta-
tion of urban health. While many observe the
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importance of representing and/or addressing complex-
ity through indicators (e.g. Lawrence 2008) and policy
interventions (e.g. Rydin et al. 2012), there are few
examples of how this can be done in practice. Our
attempt to weight the categories in the Index through
a Complexity Rating was driven by a desire to use the
Index as a way to communicate and represent inter-
connections and relations within the urban health sys-
tem. As a result of the limitations discussed in the
Methods section (and Appendix 1) we concluded that
this approach was not appropriate for the BRE HCI.
Nevertheless, the mechanisms by which an index
should address complexity through weighting or the
combination of indicators, and whether this would
make any diﬀerence in its interpretation by city leaders
and oﬃcials, remain open to debate. Our case studies
demonstrate that introduction of the BRE Causal
Pathways Framework and the BRE HCI indicators
helped to stimulate discussions about complexity char-
acteristics such as interconnections, unintended conse-
quences, delays and policy resistance. Complexity is a
core issue for decision-makers to consider and further
investigation may help to elucidate how indicator fra-
meworks can communicate complexity characteristics
and implications for policy-making.
Stakeholder engagement
There was great value in working with stakeholders
from public health and built environment across aca-
deme, city government and the private sector in the
development and piloting of the Index. The peer
review process and weightings workshop allowed
BRE to engage the academic community in the detail
of the methodology and resulted in modiﬁcations
which strengthened the Index. The involvement of
oﬃcials from city government and the private sector
in London and Dubai also helped us understand
which elements of the Index would be most helpful
at achieving the aim of raising awareness of urban
environment and health challenges. There was a clear
consensus from the stakeholders involved in this pro-
cess that the BRE Causal Pathways Framework is a
valuable tool to frame discussions.
The problem of the composite indicator
There are fundamental conceptual disagreements
amongst experts about how weighting systems should
be created (Nardo et al. 2008, Rothenberg et al. 2015).
Some argue that a composite indicator has ‘no mean-
ing’ (Innes and Booher 2000, p. 176), whilst experts at
the Composite Indicator Research Group recognise
that the ‘temptation of stakeholders and practitioners
to summarize complex and sometime elusive pro-
cesses (e.g. sustainability or a single-market policy)
into a single ﬁgure to bench-mark country perfor-
mance for policy consumption seems likewise irresis-
tible’ (Saisana et al. 2005, p. 308). Even the
application of equal weighting across categories does
not sidestep the debate because this implies that all
categories have an equal impact on health and well-
being which is unlikely. Partly as a result of these
challenges (and those described above) we have
avoided the creation of a composite indicator.
International comparisons
The initial desire to rank cities, as occurs in most
international indices, was a topic of great discussion
during the Index development. Media regularly
report on the ﬁndings of international rankings
such as the Arcadis Sustainable Cities Index and the
Mercer Quality of Living Survey (Lopez et al. 2017,
Morrison and Collier 2017). Such articles focus on
positioning in the rankings, prompting attention
from politicians who see their cities as competing
for investment and talent on a global scale.
However, the academic peer reviewers were strongly
opposed to ranking cities. The rationale for not rank-
ing cities was based on: the inappropriateness of
comparing cities with diﬀerent health and environ-
ment contexts; limitations with the available data (e.g.
from diﬀerent years or spatial scales); weaknesses in
the evidence base for some exposures, particularly in
relation to low and middle income countries; lack of
an appropriate method to combine and weight cate-
gories or indicators; and the potential for unsuitable
policy responses as a result of such comparisons. We
concluded that despite the potential advantages of
producing a composite indicator and ranking this
measure (see Saisana and Tarantola 2002), the BRE
HCI would be more valuable as a tool to compare
category scores or individual indicators.
Access to data
It was very diﬃcult to identify open data sources which
presented data about the urban environment at a city
scale, and contained multiple international cities.
Despite extensive hype about ‘big data’ and the ‘smart
city’ movement (Townsend 2013), these have not yet
resulted in a critical mass of high quality urban open
data. The available data contain many limitations (dis-
cussed in the Methods section). There are also restric-
tions about how data can be used and these are not
always clearly stated. Relying on third-party data means
that some indicators in the BRE Healthy Cities Index
may need to change over time. We have developed the
evidence base and guiding principles to support the
creation of new indicators as needed (which will need
to be updated periodically to reﬂect new evidence).
Limitations and further research
There are a number of limitations to an international
index which measures urban health. First, although
the BRE Causal Pathway Framework and some
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indicators represent and measure health inequalities,
aggregated data at the city-scale masks the underlying
variation within cities regarding environmental expo-
sures and health outcomes. Understanding neigh-
bourhood variation and the scale of deprivation is
important to inform funding decisions and regenera-
tion policies to reduce inequalities. At present there is
a lack of data at this scale to enable such work;
however the number of indicator tools that measure
data at the neighbourhood level has increased (Pineo
et al. 2017b), suggesting that this may be possible in
the future. Similarly, a global index comparing indi-
cators in HICs and LMICs comes at the expense of an
index focused on highly similar countries which
would more clearly demonstrate diﬀerentiation
between the represented cities. Furthermore, cities
in a global index are measured against some indica-
tors which are largely irrelevant (such as access to
utilities in HICs) or are lacking appropriate indicators
(such as exposure to open sewage in LMICs) for their
context. Third, the data limitations constrain what
can be measured and could reduce the overall impact
and utility of the BRE HCI. A main area for further
data development relates to food access. This is an
important policy area, albeit one which shifts con-
siderably (between obesity and malnutrition) depend-
ing on a country’s economic status and also within a
country’s population. Fourth, the wide ranging
intended audiences for this Index, coupled with the
data restrictions, have resulted in very high-level
indicators which do not always tie to speciﬁc built
environment interventions. This raises the need for
further indicator application and interpretation in
speciﬁc cities. Finally, we question whether an inter-
national index promotes a hierarchy of policy solu-
tions based on the indicators measured. As noted
previously, the indicators are a reﬂection of the evi-
dence base and data availability and do not necessa-
rily represent the most important environmental
exposures. We were unable to obtain comparable
international data for many of the Food Access and
Resilience indicators, however those may be very
important topics for urban health. Additionally, the
most important exposures would vary appreciably
based on local circumstances.
There are many opportunities for further research
to improve this Index, and urban health indicators
more widely, particularly through the continued devel-
opment of neighbourhood-scale data. The emergence
of city data repositories creates a local source of infor-
mation that built environment professionals can use to
establish baseline information and monitor policy
impact over time. General feedback during the work-
shops with city oﬃcials demonstrated that further
guidance is needed to inform urban designers, plan-
ners and others about the very speciﬁc design mea-
sures or policies which can promote health (taking
into account the competing pressures they have to
consider). Much of the current guidance advocates
general principles (such as active design) but falls
short of providing practitioners with the required
details to change their current practice (see Allender
et al. 2009). Perhaps of greatest importance is the need
for additional research about the complex interconnec-
tions between the urban environment and health;
although this need not be a precursor to applying
best practice principles now.
Value of the BRE HCI
The overall value of this Index is through raising aware-
ness of the multiple urban environment exposures which
lead to health impacts, resulting in local activities to
address this challenge. There are several other beneﬁts
which we identiﬁed in discussions with stakeholders and
city oﬃcials. City leaders may be prompted to consider
the roles and responsibilities of diﬀerent departments
and question whether enough is being done to tackle
complex urban health challenges. The BRE Causal
Pathways Framework creates a simple starting point for
discussion about local challenges, policy interventions,
and monitoring mechanisms. It also prompts frank dis-
cussions about the competing demands faced by some
stakeholders as they seek to deliver health promoting
environments alongside other objectives and it stimulates
discussion about some of the complexities of addressing
urban health challenges. The rigorous approach we took
in researching and reporting the links between health
and the environment was appreciated by city stake-
holders and was perceived as a strength of the Index.
Furthermore the Index and case study examples pre-
sented in Dubai were seen as promoting innovative
practices in healthy urban planning across global cities.
The BRE HCI indicators also provide a useful
starting point toward a standard set of urban health
indicators which could be used globally. As sum-
marised by Pineo et al. (2017b), there is ongoing
debate about the appropriateness of standardising
urban health indicators and the value of new UHI
tools. We believe that the BRE HCI provides a set of
evidence-informed metrics which could ultimately
reduce the amount of heterogeneity in UHI tools,
particularly regarding indicators related to the built
environment. By using existing metrics and datasets
for many of the BRE HCI indicators we have built on
previous research eﬀorts and increased opportunities
for global comparisons and benchmarking. A stan-
dardised set of indicators will be even more valuable
if it includes a broader range of topics than the BRE
HCI (beyond the built environment) such as quality
of local health care systems and allow for some
degree of local adaptability and selection (as argued
by Pineo et al. (2017b)).
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Conclusion
The piloting of the BRE Healthy Cities Index and
BRE Causal Pathways Framework has demonstrated
that indicators and associated materials can inform
city government practitioners and frame discussions
about urban health challenges and potential policy
solutions. We have shown through our case studies
that practitioners are moving forward with the best
available knowledge; using indicators in the process
of urban governance and seeking to develop policies
and programmes to improve urban health. With the
emergence of new open city data at multiple scales
and innovative epidemiological research methods our
knowledge of how to assess and improve the urban
environment impact on health is likely to improve
signiﬁcantly in the coming years, enabling further
development to the BRE HCI.
Notes
1. The authors include an employee of the BRE (HP)
who led the research activities and a number of
independent academic researchers who provided
advice and peer review which shaped the project
(NZ, EC, RA, MA, HR). Throughout the paper we
will refer to the authors as ‘we’ with further informa-
tion on speciﬁc contributions and interests in the
Disclosure Statement.
2. The BRE Trust is a charitable organisation which
uses proﬁts gifted to it from the BRE Group to
support research and education programmes in the
built environment. The Trust provides ﬁnancial sup-
port for a Chair and postgraduate students at six
BRE University Centres of Excellence. It also com-
missions and supports research through the BRE
group of companies and the wider construction
industry. More information is available at www.bre.
co.uk/bretrust.
3. According to the Open Data Institute ‘open data is
data that anyone can access, use and share. For data
to be considered “open”, it must be published in an
accessible format, with a licence that permits anyone
to access, use and share it’ (Open Data Institute
2015).
4. Data for all of the Index categories will be pub-
lished by the BRE on the BRE HCI website (not
yet published at time of submission) alongside case
studies and further information (see https://
bregroup.com/).
5. According to the Open Data Institute ‘open data is
data that anyone can access, use and share. For data
to be considered “open”, it must be published in an
accessible format, with a licence that permits anyone
to access, use and share it’ (Open Data Institute
2015).
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Appendix 1: Additional details regarding combining indicators and categories
Combining Indicators
Each indicator value is standardised between 0 and 100 for
each city using Equation 1.
Istandardised ¼ Iunstandardised  Iminð ÞImax  Iminð Þ x100
 
Where:
Istandardised = Indicator value for a city used in index after
standardisation
Iunstandardised = Initial indicator for a city before
standardisation
Imax =Maximum value of indicator across all cities in
HCI
Imin=Minimum value of indicator across all cities in HCI
Equation 1 Standardisation of positively correlated
indicators
All of the current indicators in the BRE HCI are
exposure-based rather than eﬀect-based. An exposure-
based indicator measures the environmental exposure
for which a known health impact has been established
(ibid). For example, the Index measures particulates of
air pollution (exposure) rather than an associated health
impact such as respiratory disease (eﬀect). Most of the
BRE HCI indicators include metrics which promote
health and wellbeing (positively correlated) such as
percentage of land area with green space (Equation 1).
Some exposures measured in the HCI are linked with
poor health outcomes (negatively correlated) such as air
pollution and living in slums (Equation 2).
Istandardised ¼ 100 Iunstandardised  Iminð ÞImax  Iminð Þ x100
 
Equation 2 Standardisation of negatively correlated
indicators.
Combining categories – details on the Complexity
Rating method
We developed a process for creating the Complexity
Rating using a modiﬁed Delphi method approach in
which experts voted in a workshop environment in two
rounds. Ten experts were paid to participate in this half-
day workshop (see Acknowledgements). Each participant
presented information on the complexity characteristics
for a BRE HCI category based on their specialisms. The
experts were given an advance brieﬁng note with presen-
tation instructions, including information about the seven
characteristics of complexity we selected (in Table 1). We
chose these characteristics on the basis of their appropri-
ateness for the urban health system and the focus on
physical and natural environment elements within the
sub-systems. Each 10-minute presentation was directly
followed by a round of voting by all participants (includ-
ing the presenting expert). For each category, participants
voted on the seven characteristics of complexity on a scale
from one to seven based on the evidence presented. After
all ten categories were presented and scored, facilitators
computed the average scores. The round one scores were
then presented and each person was invited to give a brief
response, followed by a facilitated group discussion. A
ﬁnal round of voting allowed participants to change
their scores on the basis of the consensus scores. A de-
brieﬁng session at the end was used to gather comments,
as were written feedback sheets.
In the feedback forms and discussion we also
acknowledged potential limitations regarding the objec-
tivity and previous knowledge of the expert partici-
pants. We observed varying levels of knowledge about
complexity theory and the characteristics of complex
systems which may have aﬀected experts’ presentations
and scoring. The tight timings of this half-day work-
shop may have constrained the amount of information
conveyed in each presentation, aﬀecting the ratings.
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Table 1 Seven characteristics of complex systems used in proposed Complexity Rating
Characteristic Description (in urban health terms) Source Example for urban health system
1. Dynamic Health and wellbeing impacts and/or
exposures change over time (possibly
in unpredictable ways).
(Sterman 2000) E.g. Air pollution has long term trends
(increasing over time), seasonal trends and
extremes (spikes) caused by unusual weather
events.
2. Number of elements There are a high number of variables
within the sub-system.
(Glouberman et al. 2006,
Luke and Stamatakis
2012)
E.g. The urban transport system includes
elements related to land use, density, street
connectivity, public transport, public space
and many others. These interact to create
eﬀects such as a walkable community.
3. Interconnected There are multiple interactions with other
sub-systems.
(Sterman 2000) E.g. Transport emissions aﬀect health through air
pollution whilst contributing to climate
change which has additional health impacts
(e.g. through extreme weather events).
4. Non-linear structure There is a non-linear relationship
between exposure and health and
wellbeing impact. Eﬀects are rarely
proportional to causes.
(Sterman 2000) E.g. The impact of vehicle speed on pedestrian
injury/death does not change proportionately
as speed increase. A collision at 20mph is
signiﬁcantly less likely to cause death than a
collision at 30mph.
5. Feedback Elements within the sub-system interact
recursively (in feedback loops) to
change the behaviour of the sub-
system.
(Sterman 2000) E.g. When traﬃc congestion becomes a problem,
city oﬃcials usually build more road capacity.
However this additional capacity disappears
quickly as more drivers are attracted.
Increasing road capacity is intended to
balance out traﬃc congestion but it has the
opposite eﬀect of reinforcing this problem.
6. Counterintuitive Health and wellbeing impacts are distant
in space and time to exposures.
(Sterman 2000) E.g. The presence of a large number of fast food
outlets in a community may result in increased
consumption of high energy foods and over
time may contribute to increased levels of
obesity in the population.
7. Emergent behaviour Health and wellbeing eﬀects are greater
than the sum of the individual eﬀects
within the sub-system.
(Glouberman et al. 2006,
Luke and Stamatakis
2012)
E.g. A park or 20mph speed limit are not on their
own suﬃcient to support physically active
lifestyles. However, when combined with
other elements (such as pavements, mixed
land uses, street connectivity, etc.) the eﬀect
results in higher levels of physical activity than
occurs in places which do not have a suﬃcient
breadth of these elements.
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